ear regression analysis adjusted for age, sex, hypertension, smoking, diabetes, body mass index, lipids, antihypertensive and hypolipemic therapy, only log-transformed TNF-␣ remained independently associated with lower renal function ( ␤ -0.54 8 0.19). In multivariate logistic regression analysis, higher TNF-␣ levels were associated with CKD (OR 1.17; 95% CI 1.01-1.35), whereas higher levels of IL-6 (OR 1.09; 95% CI 1.02-1.16) and hsCRP (OR 1.21; 95% CI 1.10-1.32) were associated with MAU. Conclusion: We did not confirm a significant association between renal function and IL-6, IL-1 ␤ and hsCRP in the general population. However, our results demonstrate a significant association between TNF-␣ and renal function, suggesting a potential link between inflammation and the development of CKD. These data also confirm the association between MAU and inflammation.
Introduction
The incidence and prevalence of chronic kidney disease (CKD) -a disease state with high morbidity and mortality -is rising, and CKD has become a major public health problem [1] . The pathophysiology of CKD is in-completely understood. Chronic low-grade inflammation is increasingly considered to be one of the main pathways leading to the development and progression of CKD [2] . Over the last decade, several studies reported elevated concentrations of ultrasensitive C-reactive protein (hsCRP), tumor necrosis factor-␣ (TNF-␣ ) and interleukin (IL)-6 in CKD patients as compared to healthy controls, yet associations varied across studies [3] [4] [5] [6] [7] [8] [9] . This is partly explained by the fact that some data were derived from selected groups (elderly, high cardiovascular risk groups), while data from the general population remain sparse [3, 8, 9] . Besides, early markers of renal dysfunction such as microalbuminuria (MAU) and/or glomerular hyperfiltration (GHF) were often not assessed in these studies. A better knowledge of the association of proinflammatory biomarkers across all ranges of kidney function and MAU in a general population may help to unravel a potential role in this association.
The aim of this study was to analyze the associations of TNF-␣ , IL-1 ␤ , IL-6, and hsCRP levels with all levels of kidney function and MAU in the general adult population.
Subjects and Methods

Recruitment
The CoLaus Study is a cross-sectional study aimed at assessing the prevalence and deciphering the molecular determinants of cardiovascular risk factors in the Caucasian population of Lausanne, a town of 117,161 inhabitants in Switzerland. The sampling procedure of the CoLaus Study has been described previously [10] . Briefly, a simple, non-stratified random sampling of 19,830 participants, corresponding to 35% of the source population, was drawn, and a letter inviting to participate was sent to these individuals. Eventually, 6,184 participants were included in the CoLaus Study cohort, after having excluded the non-responders and non-eligible people. Inclusion criteria included a written informed consent, age between 35 and 75 years and Caucasian origin. The participation rate was 41%. The CoLaus Study was approved by the Institutional Ethics Committee of the University of Lausanne. Recruitment began in June 2003 and ended in May 2006.
All participants attended the outpatient clinic of the University Hospital of Lausanne in the morning after an overnight fast. They were asked to continue their usual medication intake. Data were collected by trained field interviewers in a single visit lasting about 60 min.
The examination included a detailed questionnaire, anthropometric measures and laboratory testing. Smoking was defined as present if the participant reported to be current smoker at the time of examination. Blood pressure was measured three times on the left arm using a clinically validated automatic oscillometric device (Omron HEM-907; Omron, Matsusaka, Japan) after a period of 10 min rest in the sitting position and using the appropriate cuff size. The average of the second and third values was used for analysis. Hypertension was defined as mean systolic blood pressure (SBP) 6 140 mm Hg and/or mean diastolic blood pressure (DBP) 6 90 mm Hg or presence of antihypertensive medication. Body weight was measured in kilograms to the nearest 100 g using a Seca scale, which was calibrated regularly. Height was measured to the nearest 5 mm using a Seca height gauge. Fat mass was assessed by electrical bioimpedance using the Bodystat 1500 analyzer (Douglas, Isle of Man, British Isles). A diagnosis of diabetes was made if fasting plasma glucose was 6 7.0 mmol/l and/ or presence of oral hypoglycemic or insulin treatment.
Biological Data
Venous blood samples were drawn after an overnight fast. Creatinine was measured using Jaffe kinetic compensated method (Roche Diagnostics, Switzerland, intra-assay variability 0.7-2.9%). Estimated glomerular filtration rate (eGFR) was calculated with the CKD-EPI formula. CKD was defined as eGFR ^ 60 ml/ min/1.73 m 2 [9] . GHF was defined as eGFR 6 140 ml/min [14] . Plasma cytokine levels were measured using a multiplexed particle-based flow cytometric cytokine assay, as previously described [11] . Milliplex kits were purchased from Millipore (Zug, Switzerland). The analysis was conducted using a conventional flow cytometer (FC500 MPL; Beckman Coulter, Nyon, Switzerland). Lower detection limits for IL-1 ␤ , IL-6 and TNF-␣ were 0.2 pg/ml. Intra-and interassay coefficients of variation were 15 and 16.7% for IL-1 ␤ , 16.9 and 16.1% for IL-6 and 12.5 and 13.5% for TNF-␣ , respectively. The following results were found for the reproducibility of the duplicate cytokine assessments (n = 80): Spearman rank correlations for IL-1 ␤ , IL-6 and TNF-␣ were 0.914, 0.963 and 0.891, respectively; Lin's correlation coefficients were 0.969, 0.971 and 0.945, respectively, and intra-class correlation coefficients were 0.970, 0.972 and 0.946 (all p ! 0.005), indicating a good reproducibility.
MAU adjusted for creatinine [urinary albumin/creatinine ratio (UACR)] was measured on spot morning urine, using quantitative immunonephelometry; to define MAU, a gender-related cut-off value was used (UACR 6 2.5 mg/mmol for men, and 6 3.5 mg/mmol for women) [12] .
Statistical Analysis
Statistical analysis was conducted using STATA 11.0 (StataCorp, College Station, Tex., USA). Quantitative variables were expressed as mean 8 SD, and qualitative variables as number of participants and (percentage). Cytokines were presented as median and interquartile range of measured values and by percentage of values within each distribution quintile. When performing quantitative analyses, the value of 0.133 pg/ml was attributed to undetectable values of IL-1 ␤ , TNF-␣ and IL-6, which corresponds to two thirds of the lower detection limit [13] . In separate analyses, undetectable values of cytokines were included in the first quartile. Multivariable logistic regression, adjusting for age, sex, smoking, body mass index (BMI), waist circumference, diabetes, hypertension, HDL and LDL cholesterol, lipid lowering and antihypertensive treatment, was used to determine the independent association of each log-transformed biomarker with CKD. In a separate analysis, further adjustment was performed for the other inflammatory biomarkers. Similarly, we used multivariable linear regression to analyze the associations of the logtransformed cytokines (independent variable of interest) with kidney function (eGFR, dependent variable) or MAU (dependent variable).
Results of the logistic multivariate analysis are presented as odds ratio (OR) and 95% confidence interval (95% CI), and of linear regression as ␤ -coefficients ( ␤ ) and their 95% CIs. Statistical significance was considered for a two-sided p ! 0.05.
Results
Clinical Characteristics
Of the 6,184 initial participants, 6,067 (98.1%) had their cytokines assessed. Their clinical characteristics, according to the presence of hypertension and/or CKD, are summarized in table 1 . Overall, mean age was 53.1 8 11 years (range 35-75), 52.5% were women, 27% active smokers, 9.6% had MAU, 6.6% suffered from diabetes, 1.8% from coronary artery disease, 1.1% had a history of stroke, and 35.9% had hypertension. Of the 283 subjects with CKD, 6 (2.1%) had an eGFR between 15 and 29 ml/ min/1.73 m 2 (CKD stage IV), and 3 (1.0%) an eGFR ! 15 ml/min/1.73 m 2 . Subjects with CKD had a history of stroke in 2.1% and of coronary artery disease in 4.3% of cases; 14.5% were treated with ACE inhibitors, 17.0% with angiotensin receptor blockers, 19.8% with diuretics, and 17.3% with aspirin.
Distribution of Cytokine Levels
Among the 6,067 participants, 2,280 (37.6%), 446 (7.4%) and 39 (0.6%) had IL-1 ␤ , IL-6 and TNF-␣ levels below detection limits, respectively. The distribution of hsCRP, IL-1 ␤ , IL-6 and TNF-␣ plasma values across levels of kidney function are shown in table 2 . Plasma concentrations of hsCRP, TNF-␣ and IL-6 were higher at lower eGFR, while IL-1 ␤ concentrations were lower. Associations between inflammatory markers and GHF were analyzed separately. For this analysis, GHF was defined as eGFR 6 140 ml/min [14] . Levels of hsCRP and IL-6 tended to be higher in the GHF group as compared to the groups with eGFR between 60 and 139 ml/ min, whereas levels of IL-1 ␤ were slightly lower ( fig. 1 ) . In logistic regression analysis, adjusted for age and sex and with the group of eGFR 60-139 ml/min as base outcome, hsCRP (OR 2.07; 95% CI 1.55-2.76, p ! 0.001) and IL-6 (OR 1.24; 1.02-1.49; p = 0.027) were positively associated with GHF. In multivariable logistic regression analysis, with a further adjustment for BMI, smoking and diabetes, IL-6 levels (OR 1.09; 0.85-1.38; p = 0.66) and hsCRP levels (OR 1.34; 0.91-1.97; p = 0.13) were no longer associated with GHF. 
Relations between Inflammatory Markers and Kidney
Relationship between Inflammatory Markers and Microalbuminuria
The distributions of hsCRP, IL-1 ␤ , IL-6 and TNF-␣ plasma values across quintiles of UACR are shown in table 4 . Plasma concentrations of hsCRP, TNF-␣ and IL-6 were higher at higher UACR levels, while IL-1 ␤ concentrations were lower.
In logistic regression analysis adjusted for age and sex, with MAU as dichotomized dependent variable, including 583 participants (9.4%) with and 5,484 participants without MAU, log-transformed hsCRP, TNF-␣ and IL-6 were associated with MAU ( table 3 B), whereas IL-1 ␤ was not. In multivariable logistic regression analysis adjusting for all confounders including kidney function, logtransformed hsCRP and IL-6 remained associated with MAU, whereas the slight association between MAU and TNF-␣ was no longer significant after correction for BMI or fat mass (online suppl. table 1, www. karger.com/doi/10.1159/000335934). Similar trends were observed when analyzing UACR as continuous variable: in adjusted linear regression analysis, hsCRP ( ␤ = 0.21; 0.03-0.38; p = 0.02) and IL-6 ( ␤ = 0.17; 0.05-0.29; p = 0.005) were associated positively with UACR; TNF-␣ and IL-1 ␤ were no longer significantly associated with UACR in adjusted linear regression analysis.
Discussion
The main findings of this population-based study were that: (1) TNF-␣ levels are associated negatively with renal function, independently of major confounding factors; (2) no such association was found for hsCRP, IL-1 ␤ and IL-6 levels, and (3) plasma levels of IL-6 and hsCRP were positively associated with MAU, whereas IL-1 ␤ and TNF-␣ were not. This is, to the best of our knowledge, one of the largest community-based studies so far that has examined the relationship between biomarkers of inflammation and kidney function in a Caucasian population, across a large range of age, socio-economical background and health status.
The lack of association between kidney function and hsCRP, IL-1 ␤ and IL-6 contrasts with previous population-based studies that reported strong associations between inflammatory markers and kidney function [3, 4, 6] . Nevertheless, the negative findings in this study are in line with some longitudinal studies, which did not find any association between hsCRP, IL-6 and the risk for the development and/or progression of CKD [15, 16] . There are several putative explanations for these discrepancies. First, different parameters (creatinine, cystatin C) and different formulas (MDRD, Cockroft-Gault) were used to assess eGFR; as in our study, this might have changed the (strength of) cytokine-kidney function associations. Second, sample size tended to be smaller. Third, the number of participants with CKD was rather low in this study, and only a minority of them had eGFR values ! 30 ml/ min/1.73 m 2 . Further, different laboratory techniques were used for cytokine assessment, with differing lower detection limits (ranging from 0.15 to 10 pg/ml) [17, 18] . Finally, a rather high proportion of participants had undetectable ( ! 0.2 pg/ml) levels of IL-1 ␤ , thus limiting the interpretation of the results for this cytokine. In this study, an arbitrary value of 0.133 (two thirds of the lower detection limit) was attributed to subjects with undetectable levels [13] , while in other studies, the issue of undetectable values has not always been clearly discussed, thus further compromising between-study comparisons. Taken together, a larger uniformity in eGFR assessment and in laboratory techniques used for cytokine dosing might improve between-study comparisons and our ability to understand the relationships between serum levels of inflammatory cytokines and associated disease states.
Of interest, higher TNF-␣ concentrations were associated with lower eGFR, suggesting that the TNF-␣ pathway is implicated in the pathophysiology of CKD. Indeed, in experimental models, TNF-␣ causes direct glomerular Fig. 1 . Levels of hsCRP, TNF-␣ , IL-6 and IL-1 ␤ in subjects with GHF eGFR ( 6 140 ml/min according to CKD-EPI formula; n = 52) as compared to eGFRs between 90 and 140 ml/min (n = 3,007), 60 and 90 ml/ min (n = 2,725) and ! 60 ml/min (n = 283).
injury, by inducing expression of adhesion molecules, promoting the influx of monocytes and macrophages, and by stimulating the proliferation of mesangial cells, thus leading to glomerulosclerosis and interstitial fibrosis [19] . In human studies, the reported associations between TNF-␣ and kidney function were in general stronger than associations between kidney function and other biomarkers, including hsCRP [3, 9] . As such, this study confirms previous findings in a slightly younger population. Moreover, a post-hoc analysis of the CARE study found that high levels of TNF-␣ were associated with faster kidney function decline [7] .
In this study, serum levels of IL-6 and hsCRP were positively associated with MAU, independently of kidney function (eGFR). MAU is generally considered as a marker of vascular inflammation and/or kidney damage [20] , and the associations found between inflammatory markers and MAU are in line with this hypothesis. Most previous studies reporting associations between cytokines and MAU were performed in diabetics [21] , or focused on hsCRP only [22] . To the best of our knowledge, only two studies -the Framingham Offspring cohort and the MESA (Multi-Ethnic Study on Atherosclerosis) studyassessed associations between several inflammatory markers and MAU in the general population [3, 23] . In the Framingham Study, serum levels of IL-6 and TNF-␣ were associated independently with MAU, whereas hsCRP was not; in the MESA study, hsCRP and pentraxin-3 were associated with MAU in univariate, but not in multivariate analyses. In our study, the association between serum levels of TNF-␣ and MAU was weak, and no longer significant upon adjustment for BMI and more precisely fat mass. Adipose tissue is the main source of TNF-␣ , and obesity is linked to MAU, which might partly explain the influence of BMI on the association between MAU and TNF-␣ [24] .
It is actually unclear to what extent the high levels of cytokines reported in CKD are the result of increased production of cytokines, decreased renal clearance, or both [2] . Of interest, the distribution of cytokine levels across different stages of eGFR observed in this study was somewhat U-shaped, with higher concentrations in participants with eGFR ! 60 ml/min/1.73 m 2 or with GHF. GHF is considered by some authors as a preliminary stage of CKD, especially in the context of diabetes [25] . The observed U-shaped distribution could thus indicate that high cytokine levels in early CKD are merely the result of an increased production. As for TNF-␣ and MAU, the associations between hsCRP, IL-6 and GHF disappeared after adjustment for BMI, suggesting that obesity leads to an inflammatory state, GHF, or both. This hypothesis is in line with cross-sectional data from the PREVEND study, which reported an association between CRP and GHF [8] . However, the number of subjects with GHF in this study was too low to draw definite conclusions. Besides, GHF might have been a transient state in these individuals, due to for example subclinical infection.
The strengths of this study include the large sample size, the availability of detailed information on numerous possible confounders, including drugs capable of lowering plasma levels of inflammatory markers, and the high quality and reproducibility of cytokine assessments. The limitations of this study are its cross-sectional nature, which limits causal inferences and the relatively high number of undetectable values for IL-1 ␤ , which hampered the analysis of this cytokine in continuous models. Besides, serum creatinine was used for kidney function estimations, and cystatin C might be a more sensitive marker in this relatively healthy population. Finally, we cannot exclude that some of the higher cytokine levels were explained by (subclinical) infections, although participants were instructed to postpone their appointment in case of (suspected) infection.
Conclusion
This study underlines the possibly important role of the TNF-␣ pathway in kidney disease, which merits further study in experimental models, and confirms the association between inflammation and MAU. The absence of an association of the other inflammatory markers with renal function suggests either that these markers do not play a major role in the development and progression of CKD in the general population, or that actual dosing techniques are not refined enough to detect small differences in concentrations in a relatively healthy population. More longitudinal population-based studies are needed to assess the role of cytokines in CKD, and efforts should be made to increase uniformity in dosing techniques of cytokines and kidney function measurements. 
